Professionals and 12 Research Students or Post-Doctoral Fellows were involved. The references cover most of the authors.
Proposals have been submitted for establ ishing research on inertial confinement fusion by lasers of a volume of 5 to 10 Mio. Dollars. The Australian Government has not yet made a decision about the priority of nuclear fusion research. The present level of research is -as in similar situations -to study special basic processes in the very complex interaction of laser radiation with plasmas. During the last years, Australian activities were involved with studying nonlinear effects which were confirmed at high laser intensity. Several details of these new mechanisms have to be known to avoid throwbacks in laser fusion and to find the preferred parameters for a success.
2) TARGET INTERACTION ON EXPERIMENTS
As result of influence by theoretical work [1] on research within the Laboratory, the majority of research on this area has involved the study of the influence of nonlinear force effects in the laser plasma interaction. Nonlinear forces are due to electromagnetic processes and contain optical ponderomotive forces and further dissipation terms. Two areas have recently received attention, those being:
(i) Self-focusing of a laser beam in a laser-produced plasma, primarily through the ponderomotive force mechanism;
(ii) Profile modification in laser produced plasmas.
(a) Extensive studies have been made of self-focusing of a laser beam in a plasma with the aim of determining the optimum plasma and laser conditions in which to achieve whole beam self-focusing and thereby obtain a concentration of the available laser power into a single filament of high intensity. The computational work has been based upon the transient self-focusing (TRSF) numerical code developed by Siegrist [2] .Two self-focusing mechanisms are considered applicable for the short pulse regime (< 10 nsec) treated here, those being the ponderomotive force [3] and relativistic self-focusing [4] [5] mechanism respectively. Using TRSF it has been found, that plasma pressure effects dominate the self-focusing behaviour only for high temperatures (> 300 ev for D2 ; > 3 KeV for Al) . Because of increasing absorption with increasing electron density ne the highest plasma densities do not necessarily give the lowest self-focusing thresholds as would be expected from refractive index considerations alone. For typical plasma conditions (Te 500 eV) the lowest SF thresholds occur for n 0.3 -O.6ncr (nu = critical density) with only small changes of threshold occuring for densities between 0.05 and 0.85 ncr.
An experimental programme has been established to detect self-focusing in the conditions predicted by the TRSF code. The requirement for large propagation distance in the plasma to avoid filamentation meant that nanosecond duration laser pulses were used. For such long pulses steadystate ponderomotive force threshold values were applicable. The operating parameters of the Neodymium laser used for the study were 'max = 3 x 1014 W/cm2 , pulse duration 5 -7 nsec and focal beam diameter 13 ± 2 Am. Self-focusing was expected to be detected by searching for hot filamentary structures in the X-ray emission pattern from the plasma viewed normal to the propagation direction of the beam, and by a change in the divergence of the light transmitted through the plasmas [5] .
(b) Resonant behaviour in the temperature and amplitude of hard X-ray emission from laser-produced plasmas has been observed which allowed the optimum angle for resonance absorption of the laser radiation by the plasma to be determined. According to the Denisov theory this angle (8) The deviation of the linear increase of ne on the helium pressure occurred when the Debye length (for the electron energy) was equal or less than the focus diameter. This condition has been measured in full agreement with the theory [ 8] was derived in 1969 [1] generalizing the algebraically analogous Landau-Lifshitzformulation for dispersive and dissipative plasmas.
Formula (3) is still the most general one yet. Its evaluation for special cases demonstrated several properties. For plane waves perpendicularly incident on a stratified plasma, the nonlinear force is in the direction of the depth x of the plasma (4) where the new third order terms were derived recently [ 12] . Including collisions, further (non-ponderomotive) terms appear (as demonstrated 1969. [1] ) of which one is known as Stamper Term. Further dissipative terms have been derived [ 12] [13].
For oblique incidence, the nonlinear forces have been generalized for plasmas with collisions, the striated motion was extended and a jet motion for p-polarization at the critical density was discovered [14] as an alternative mechanism at resonance absorption. It was further discovered that the effective dielectric constant for the longitudinal Ex-field at resonance absorption can be generalized for collisions if |n| is used, and that a high positive dielectric constant can result in a wave guide type behaviour reproducing the Denisov length L [Ref. 1, p . 182].
The quiver motion (nonlinear force) acceleration of electrons in the resonance field in x-direction, results in twice the energy than at perpendicular incidence of the radiation. This is a direct indication of an acceleration by the longitudinal waves at resonance absorption [1] .
After the action of the nonlinear force, Eq. Asserting the complementarity of the dispersion relation and the relativistic form of the energymomentum of a particle, a detailed discussion regarding the momentum of the electromagnetic field in a plasma followed. A basically new result is the utilization of the photon spin, whilst introducing the non-vanishing effective rest mass for photons in plasma. As a consequence, the Maxwell field is replaced by that of Proca [15] . Hence, it was found that the Minkowski description is a high frequency approximation of the more general Abraham description. Another basic question has been treated: strong coupling of electrons to high intensity black body radiation can cause a change of the statistics. 5% of the field energy transferred to electrons causes quantum effects, 95% is in quivering motion [16] .
6) SOLITONS AND SYMMETRIC IRRADIATION
Extensive numerical calculations were confirmed for plane waves perpendicularly incident on a stratified plasma of depth x, using the fully nonlinear equation of motion (with nonlinear n and the nonlinear force fN L), equation of energy conservation and continuity. The generation of thick plasma blocks of fast compression was confirmed for a highly efficient (low entropy) pellet-fusion concept [17] . The evaluation of density ripple profiles of velocity v and of the nonlinear force resulted in a relation of a Korteweg-deVries equation at a times t > t* This is very useful for Nuckolls' gasdynamic compression scheme needing a fast thermalization by nonclassical effects. Therefore, fast thermalization by resonance absorption is no longer necessary with its disadvantage of asymmetries of oblique incidence. Symmetric perpendicular irradiation of pellet results then (in the earlier stage) in the nonlinear-force-compression, and later in thermokinetic ablationcompression. 
